Terrestrial digital video broadcasting (DVB-T) is considered as one of the main two popular broadcasting standards, which facilitates the transmission of digital television in handheld receivers. In this work, a comparison will be held on the physical layer level in order to enhance the wireless systems' performance. It is attained by exploiting a recently published work that is based on the wavelets entropy and a new proposition that is based on a special averaging technique. Those two propositions have been used to tackle the peak-to-average power ratio (PAPR) problem that is found in the used orthogonal frequency division multiplexing (OFDM) technique. This comparison asset from BER curves and CCDF curves in order to distinguish between them. A MATLAB simulation has been run in order to validate the numerical achieved results of the proposed work. At the same bandwidth occupancy of the speaker verification-based systems, the proposed technique shows additional enhancement in both of CCDF and BER curves. Moreover, it reduces the previously added complexity to the structure in the receiver side. An extra 25% reduction is achieved in the essence of PAPR and around 35% extra noise immunity.
Introduction
A project has been initiated since 1993 in order to standardise the data services in the broad-area; namely digital video broadcasting (DVB). Furthermore, it is considered as one of the main important systems in the continuing research especially to support the higher data rates information systems. Thus, it is divided to cover two versions; terrestrial (DVB-T) and handheld (DVB-H) (Reimers, 1998; Kornfeld and May, 2007) . Thus, DVB-T standard has a special kind of requirements such as video and audio codec, frame rate, sampling rate, and the identification of video and audio. Furthermore, DVB content should be prepared in accordance to these standards. Therefore, the researchers turn their interests toward the design issues of broadcast application. This is in order to facilitate, provide a quick and easy use for the DVB content until it is ready to be broadcasted (Bramantya and Hendrawan, 2014) .
Television (TV) could be considered as a very good example to be taken into consideration to apply our enhancements and propositions. TV has been developed and grown from analogue technology to digital broadcasting along to be transmitted over the networks making use of the IP vision; specifically, the Android and IOS operating systems that are rapidly growth in usage these days.
It is known that, one of the main telecommunications transmission chains is the nonlinear devices such as power amplifiers, analogue to digital converters and mixers (Dubois et al., 2010) . Furthermore and in order to use these nonlinear devices in the linear mode, the input back-off (IBO) point should be introduced. IBO will be critical especially when a non-constant signals is applied. Therefore, this work mainly focuses onto the analysis and simulation of DVB-T system-based speaker verifications. This system is based on the orthogonal frequency division multiplexing (OFDM) technique, which is an efficient multicarrier modulation. It has the ability of enhancing the wireless systems due to the ease of implementation, the immunity to impulse noises and the multipath effect of the channel and its frequency selective influence. This is due to that it utilises the parallel processing technique, which deals with it simultaneously at closely spaced orthogonal subcarriers. The orthogonality specification is attained by making use of the inverse-fast Fourier transforms (IFFT). Furthermore, it is making use of the advantage of adding cyclic prefixes (CP) to enhance the immunity against the channel effects.
Thus, the concern of the authors is to enhance the performance that could be affected by the OFDM drawbacks. The main drawback that is taken into consideration is the peak-to-average power ratio (PAPR), which results due to the coherent summation of the processed signal after the inverse fast Fourier transform (IFFT) block. It is considered as a major deficiency that should be tackled in order to enhance the based-OFDM systems performance, which leads to enhance the systems data rate transmissions. This is especially after the use of nonlinear devices. Thus, the channels distribution will follow the Raleigh specifications in addition to the Gaussian one (Breiling et al., 2001; Tellado, 2002; Al-Akaidi et al., 2007) .
Furthermore, the other drawbacks have been thoroughly taken into consideration in Jianhua et al. (2004) , Ai et al. (2004) , You et al. (2004) , Wu and Gu (2003) and ETSI EN 300 744 V1.4.1 (2001), such as the Doppler effect, the resulted effect from both of the phase and frequency offset and addition to the effect of channel estimation and the carrier interference.
The aforementioned problem has been taken into consideration and tackled in some of our previously published work (Daoud et al., 2016 (Daoud et al., , 2012a (Daoud et al., , 2012b Daoud, 2015) ; starting from using the idea of making use of different linear coding techniques in order to spread the affected OFDM symbols; then imposing the artificial intelligence (AI) such as the neural networks, wavelets; after that using special signal processing such as adaptive clipping and the pulse width modulation.
Therefore, we are motivated toward the investigation of our propositions and applying them to one of the main communication systems that is adopted over the entire world and especially in Europe and Japan. This is in addition to compare the results with a new proposition that is based on a special averaging technique. As a case study, speaker verification will be imposed in the DVB-T system-based OFDM. This is due to that its importance in concerning information systems active research areas for many years (Brümmer, 2004) .
Furthermore, the DVB-T systems-based OFDM performance will be checked based on two main factors; the bit error rate (BER) that is based on the Chernoff Union Bound and the complementary cumulative distribution function (CCDF) curves. Then, these results will be compared among the work based on linear coding technique, the work based on the wavelet transform, the work based on the PWM and the proposed work based on special averaging technique.
The rest of paper is organised as follows; the introduced structure of the DVB-T system based-OFDM models is defined in Section 2, the numerical and simulation results are presented in Section 3, while the last section summarises the conclusion.
DVB-T-based OFDM system description

Introduction
Coded OFDM (COFDM) plays a vital role in the proposed ETSI standards; DVB and DAB wide world (Chen and Lee, 2007) .
It allows a distributed huge data rate over closely adjacent subcarriers. Thus, the bandwidth limitation will be mitigated. As mentioned earlier, this advantage is attained by making use of orthogonal subcarriers. These subcarriers form what is known by COFDM symbols. As depicted in Figure 1 , the DVB-T is analysed according to the use of OFDM modulation/demodulation stages with N orthogonal subcarriers. This is true for the transmission and reception systems respectively.
The input data that is fed into the RS-encoder and the outer interleaver block will be transmitted to the channel after the DAC block. Thus, the transmitted baseband OFDM signal could be described as
where f c is the RF-channel carrier frequency and B(t) is the baseband OFDM signal that is described in (2).
where {d c } 0≤C≤N-1 is the data that is passed through the IFFT, p s (t -kT) is a shifted pulse shaping or windowing function and T is the OFDM symbol period with N orthogonal subcarriers.
This signal will be received after that channel and formulated as described in (3).
( )
where {D p (t)} 1≤p≤M is the attenuation factor related to the received p th path, while τ is p th path propagation delay and N(t) is the additive white Gaussian noise. Therefore and to follow our objectives in order to reach the motivation behind this work, R(t) that is generated after the OFDM block, shown in Figure 2 , is our target to be modified and examined. A comparison among three proposed work will be taken into consideration, in order to check the system performance.
PAPR reduction techniques
Previously in our published work the work based on the entropy of the wavelet transformation has been discussed in depth, Daoud et al. (2016) , Daoud (2015) .Wavelet transformation is a process of reconstruction of any signal based on a special treatment of small wavy functions that have limited duration in time with no DC. Therefore, the summation of the multiplication between the signals and the shifted wavy functions will form the continuous wavelet transform (CWT). Furthermore, this proposition is easily scaled to obtain the digital version if they generated based on the powers of two. Moreover, the wavelet packet transformation will be generated based on using a pair of special kind of filters, namely low and high pass filters, which gives the wavelet packet transformation an advantage over the discrete WT. This is due to that these filters are used to recognise the features of the original signal (Lung, 2004; Gray, 1990; Zheng et al., 2008) .
In this work and based on Gray (1990) and Zheng et al. (2008) , the entropy meaning of a discrete random variable will reflect the disorder degree that any variable acquires. Furthermore, the low and high pass filters that are used to decompose the sampled values of the signal S(t) could be written as:
where, C j (k)is the wavelet coefficient and limited to following frequency interval 2 j-1 ω s ≤ |ω| ≤ 2 j ω s . Therefore, and based on both of wavelet coefficients and wavelet energy; the wavelet entropy is defined. As a determining point, the scope of this work will be limited to use the discrete WT only.
As a preparation step, an OFDM symbol will be generated when separate in-phase N signals are added simultaneously in the N-point IFFT. After the IFFT stage, high power peaks occasionally occur with a maximum of N times the average power. Mathematically, the PAPR could be written as Nee and Prasad (2000) . 
P peak is the maximum power of an OFDM symbol, P avg is the average power; where it is equals to
i is the i th subcarrier, and T is the symbol duration. Furthermore and for simplicity if the used modulation technique is BPSK, this assumption concludes that the resultant average power will equal to the total number of input signals; N, and then the maximum power of the OFDM symbol is N 2 (Daoud et al., 2014) . In this section a new algorithm has been proposed to allocate the high peaks that found in an OFDM signal and to combat the effect of the PAPR. Figure 1 depicts the procedure of the proposed work. Thus, the proposed algorithm starts with scanning the resultant S(t) in (5). The process of the affected signal will be passed through five steps; the pre-process step, the entropy calculation step, decomposition step, thresholding step, and the filtering step. These steps are clearly shown in Figure 3 .
As shown in Figure 3 , the pre-process step will consist of three main parts; 1 noise removal stage by making use of the wavelet transformation 2 due to its powerfulness, P-level Haar wavelet transformation is chosen to decompose the affected 2 n OFDM signal 3 new OFDM signal reconstruction based on the approximations and details namely CA P and CD P respectively. After the pre-process step, the wavelet transformation is used again to allocate all peaks and valleys. In this step, the index and value for them will be saved in a matrix. After allocating these peaks, the entropy calculation step is done by making use of Shannon method. Based on these entropies, the OFDM signal will be decomposed. In this table, it is clearly seen, the entropy of the original signal is about 100.4268. After dividing the used signal into eight levels using the wavelet packets, the entropy has been divided into the range of 0.68262 to 74.2432 (Daoud et al., 2016) . From the entropy table values (Daoud et al., 2016) , OFDM signal decomposition will vary based on the decomposition acceptance. Thus, two different case studies can be proposed as:
• based on all details, CD 1 -CD 8
• based on CD 1 and CD 2 only, in this case study, a total of 408 peaks have been found with an error ratio of around 6%.
The first proposition can be shown in Figure 3 . After the decomposition step, an adaptive thresholding criterion has been proposed to allocate the extreme peaks and valleys and saving their indexes. This formula is shown in (6).
max is the maximum value in the OFDM signal, abs_avg is the average of the absolute values in the OFDM signal, abs_dev is the mean absolute deviation, and K is a user defined adaptive constant (K = 10 for this study). The obtained T threshold value is used to determine if each peak (valley) is significantly higher (or smaller) than the data around it. The final step is the filtration step using the moving average (MA) filter. In this step and based on the previous determined threshold, the MA is used to allocate the high peaks. After that, these peaks will be replaced by the value of their neighbours surrounding them in original OFDM signal. The results after the moving average filtration step will be depicted in Figure 4 . The overall proposed work that is found in Figure 1 will be modified as depicted in Figure 6 . It is clearly shown that the proposed algorithm will be applied to the generated OFDM signal, thus it should be imposed after the IFFT block that produces the OFDM signal. In this figure, the OFDM transmitter contains four main parts, namely; serial to parallel block (S/P), symbol mapper; that uses 64-quadrature amplitude modulation (64 QAM) M-ary modulation, IFFT; that transforms the modulated symbols into OFDM symbol uses 2 n points, and finally the guard interval (GI); that is used to reduce the effect of the selective fading channels. After this block, the OFDM signal is generated and may suffered from high-peaks to power ratios. Therefore, the algorithm will be imposed after this block. As a proposed algorithm, the novelty rises from the proposition of two case studies to deal with the coefficient's entropies. Furthermore, and enhance the system robustness, the multiple antenna system could be proposed. However, the scope of this work is limited to way of dealing with the entropy criterion to allocate the odd peaks in this work. Table 1 shows the promising performance of the proposed work in Daoud et al. (2016) ; namely DORP, as compared with the work found in the literature. Using the 64 QAM gives a reduced BER at the 20 dB threshold around 72%. This value equals to 81% additional reduction over the conventional work that is based on FFT. Finally, the proposed work to be compared with is clearly depicted in Figure 7 . It is based on the adaptive convolutional approach and divided into three main stages. The procedure of these stages is as follows:
• After reading the affected OFDM signal by PAPR, the pre-processing stage is started with experiences the effect of some wavelet families and their effect on clean the signal from the attached noise, such as the biorthogonal, daubechis, symmlet, coiflet and Haar wavelets. Here, three main factors have been taking into consideration in order to check the noise removal effect and to enhance the input signal characteristics, namely mean square error (MSE), signal to noise ratio (SNR) and the peak SNR (PSNR). The results from the first stage can be shown in Figure 6 . It shows the results of the checked performance based on the three factors between the wavelet-based noise reduction approach and the noiseless OFDM Signals.
• The process of detecting the odd peaks (having the high PAPR) is covered in the second stage and starts with:
1 Linking the idea of local maxima with the derivatives theorem and looking for the increasing-decreasing pair in the differences.
2 Convert the derived signal into a modified signal based on magnitude sign selection, where the sign indicates the trend of increasing, decreasing or remaining no change.
3 Allocating the peaks based on a template matching process making use of the discrete convolution idea. Thus, the [-1, 1] pattern is used as sliding kernel window and convolved with signed data. In the output result of this process, the value of 2 appears only if the pattern matches exactly and its corresponding peak value.
4 The final step in this stage is to threshold the founded peaks by making use of a globally statistical adaptive thresholding process. Adaptively, the threshold will be determined with respect to descriptive statistics (maximum, mean and standard deviation values and constant adaptive parameter k). it is clearly found in (7) as:
here, m stands for the OFDM signal maximum value, avgabs is the mean of the absolute OFDM values, avgdev is the standard deviation, and a predefined constant k that is used in order to control the thresholding process adaptively. Thus, a thresholding limit will be varied according to the systems' limitations.
• The final stage deals with the post processing of the thresholded founded peaks making use of averaging filters (AFs) such as the simple-AF, exponential-AF and Weighted-AF. The moving AF is used in order to deal with the peak values with special treatment found in (8). These peaks will be replaced with a certain value that is extracted based on its surrounded values. The modified affected OFDM sample will be represented as:
where mod n OFDM is the modified OFDM sample, {…} 0≤n≤N-1 is the number of OFDM sample, OFDM n is the affected OFDM sample. Figure 8 depicts the results of the proposed procedure for detecting the large peaks and thresholding them below a predefined threshold. 
Simulation results and discussion
Comparisons among the three different proposed techniques in order to tackle the PAPR problem have been made. A MATLAB-based simulation has been performed to imitate both of block diagram in Figure 6 and the flowchart of Figures 2 and 6 . The results of this simulation will compare the OFDM performance based on different proposed PAPR reduction techniques. These results will cover two main parameters; namely BER and CCDF. This is in addition to taking into consideration identical channel conditions with the theoretical representation. Furthermore, real signals will be extracted from the funded project by both of European Union under the SRTD-II and Philadelphia University entitled 'energy consumption efficiency management (ECEM)'. This is in addition to recorded speech signals, which were recorded over duration of 2s and repeated ten times and cover 22 different samples with 16 kHz sampling frequency. The recording process was in office at a university environment. Furthermore, the DVB-T system specification will be divided as shown in Table 2 . Figures 10 and 11 show the simulation results based on CCDF curves and the BER ones, respectively. These results cover the comparison among the three different proposed works that were found in Figure 6 . Furthermore, Figure 12 shows the promising results comparing to the work found in the literature under the CCDF curves. Figure 10 shows the CCDF curve of the proposed work and compare it with the previously published work in Daoud et al. (2016) and Daoud (2015) . It is known that the CCDF curves can check the system performance by comparing the threshold value against the probability that the PAPR will exceed this certain threshold. From these curves, it is clearly shown that result from proposed work falls in a middle way between the other previous proposed work in Daoud et al. (2016) and Daoud (2015) . The published work in Daoud (2015) gives the best performance enhancement over the three proposed, where it reduces the CCDF curves at the threshold of 16 dB from 81.48 × 10 . In this figure, the proposed work reduces the probability of exceeding it from 81.48% at the conventional OFDM signal to 2.857%. It means that an improvement of around 79% in the system performance is attained. Furthermore, the proposed work gives further enhancement over the previously published work in Daoud et al. (2016) equals to 78.8%. Figure 11 depicts the BER curves of the proposed different work in order to enhance the OFDM system performance by combating the PAPR problem. From these curves, it is clearly shown that the result from proposed work enhances the BER by a ratio of 93% over the conventional OFDM system. Furthermore, the proposed work gives extra enhancements over the previously published work between 53.6% and 82.5%. Figure 12 shows the comparison among the proposed work and three different proposed works in the literature; namely selective mapping (SLM), partial transmit sequence (PTS) and the clipping technique. From this figure the reduction improvements are clearly shown and fall in the range of (93.5% to 95.3%) at the threshold of 16 dB. Table 3 depicts the simulation results for the proposed work and compares the results of the theoretically generated input data with the ECEM ones. The two different kinds of input data have been involved with the simulation part as shown in Table 3 . From the achieved results, the OFDM system QoS has been checked and verified from both of two different kinds of data. It is clearly shown that there is a huge improvement achieved from the proposed work; at a probability of 2% the PAPR has been reduced to around 8 dB instead of 20 dB. Moreover and comparing to the work in the literature, the attained improvement falls in the range of 20% to 75% more enhancements over the three of them. The best values were over the clipping technique and the worst were over the PTS technique. As a conclusion from the previous results, the proposed work has proved their reliability in overcoming the effect of PAPR. This is true either from the BER curves or from the CCDF ones. Furthermore, an enhancement over the proposed work in the literature has been attained.
Conclusions
A new work has been introduced in this paper. It is based on work that is based on a special averaging technique. The proposed work combined three different stages together; wavelet transformation in order to remove the noise from the signal; a globally statistical adaptive detecting algorithm; and replacing the affected peaks with a moving average filter process.
The proposed work has been compared with five different published works in the literature; two of them related to the same author. Furthermore, two different kinds of input data have been involved with the simulation part in order to give some more confidence about the results. From the achieved results, the OFDM system QoS has been checked and verified from both of two different kinds of data. It is clearly shown that there is a huge improvement achieved from the proposed work; at a probability of 2% the PAPR has been reduced to around 8 dB instead of 20 dB. Moreover and comparing to the work in the literature, the attained improvement falls in the range of 20% to 75% more enhancements over the three of them. The best values were over the clipping technique and the worst were over the PTS technique.
As a conclusion from the previous results, the proposed works have proved their reliability in overcoming the effect of PAPR. This is true either from the BER curves or from the CCDF ones. Furthermore, an enhancement over the proposed work in the literature has been attained.
The published work in Daoud (2015) gives the best performance enhancement over the three proposed, where it reduces the CCDF curves at the threshold of 16 dB from 81.48 × 10 -2 to 59.76 × 10 -4
. Furthermore, the proposed work reduces the probability of exceeding it from 81.48% at the conventional OFDM signal to 2.857%. It means that an improvement of around 79% in the system performance is attained. Moreover, the proposed work gives further enhancement over the previously published work in Daoud et al. (2016) equals to 78.8%.
